Background: This study evaluated the effects of body mass index (BMI) before the
| INTRODUCTION
The increasing number of cancer survivors has resulted from early cancer detection and advances in cancer treatment. 1 However, many cancer survivors also have an increased risk of secondary primary cancers (SPCs), which might be greater than the risk of primary cancers in the general population. [2] [3] [4] [5] [6] [7] A recent study reported that mortality due to SPCs was higher than mortality due to first primary cancer. 8 SPCs have been associated with genetic susceptibility, 9 ,10 the carcinogenic effects of cancer treatment, 11 and the influence of behavioral risk factors such as smoking and alcohol intake. [12] [13] [14] [15] [16] Obesity is a well-known risk factor for cancer in the general population including cancers of the colon, lower esophagus, kidney, gallbladder, breast, and endometrium. [17] [18] [19] [20] [21] [22] In addition, several studies have reported the association between obesity and increased SPC risk at specific sites such as breast 23 and colorectum 24 Although the mechanisms of the linkage between obesity and cancer risk have not been fully elucidated, hormones, including sex hormones, have been associated with increased cancer risk 21, 25 Therefore, it would be relevant to evaluate the correlation between obesity and cancer risk separately according to sex. Previously, we reported that obesity was associated with increased primary cancer risk 26 and SPC risk 6, 27 in Korean male survivors. These studies demonstrated that male cancer survivors who had a higher prediagnosis BMI had an increased risk of subsequent overall SPCs and that the magnitude of the association between obesity and SPC risk was stronger than that of first primary cancer risk. 27 However, there was no study for evaluating it in female cancer survivors. This study evaluated the association between prediagnosis BMI and SPC risk in female cancer survivors by analyzing merged data from the Korean National Health Insurance Service (NHIS) and Korea Cental Cancer Registry (KCCR). We also compared the risk of SPC in obese female cancer survivors vs the risk of first primary cancers in the general population of women.
| METHODS

| Study population
This study included Korean female cancer survivors, who got health examinations by the NHIS before their first cancer diagnosis during January 2002 and December 2010. As previously mentioned, 27 the Korean NHIS is the only public health insurer in Korea, and it provides biennial health examinations, including height and weight measurements and behavioral surveys, in which 68.2% of Koreans have been participated in 2010. 28 The KCCR is a population-based national cancer registry that includes information on more than 95% of patients with newly diagnosed cancer in Korea. 29, 30 This study was approved by the Institutional Review Board of the National Cancer Center, Korea (NCC2015-2017) and was exempt from the requirement of informed consent because the information in these datasets had been de-identified. We identified 11 175 133 women who were 18 years of age or older and used the Korean NHIS at least once between 2002 and 2010. We then excluded female survivors without information on prediagnosis BMI (N = 8295), who were diagnosed with thyroid cancer as the primary cancer (N = 57 881) and who were dying or diagnosed with their first incidence of cancer within 1 year after baseline NHIS examination (N = 146 572). Among the remaining 10 962 385 women, we selected 146 377 female cancer survivors with their first primary cancer diagnosed between 2002 and 2010. The primary endpoint of this study was a newly diagnosed SPC, defined as a cancer with a different topology using the International Classification of Diseases, Tenth Revision [ICD-10] at least 2 months later than the first primary cancer.
| Assessment of prediagnosis exposure and covariates
We collected health-related information from self-reported questionnaires including previous medical history, current health status, smoking, alcohol intake, diet, exercise, and family history. We obtained medical comorbidities, place of BMI-SPC risk association was similar to that for first cancers in the general population (P heterogeneity = 0.403 in BMI ≥ 30.0 kg/m 2 ).
Conclusions:
In female cancer survivors, prediagnosis obesity was a risk factor for overall, individual, and obesity-related SPCs. However, the magnitude of the BMI-SPC risk association was similar to that for first cancers in the general population.
K E Y W O R D S
body mass index, cancer survivor, female, Korea, obesity, second primary cancer 
T A B L E 1
| Statistical analysis
For each individual, the accumulated person-years of risk were calculated from the date of diagnosis of the first primary cancer to the date of diagnosis of a SPC, death, or last followup (31 December 2011), whichever came first. For comparing cancer incidence between female cancer survivors and the general women population, age-standardized incidence rates (IRs) were estimated using a direct standardization method. We used Cox proportional hazards analysis for calculating age-adjusted and multivariable-adjusted hazard ratios (aHRs) for SPC development related to prediagnosis BMI. We performed the tests for trends using median values for BMI. In the additional sensitivity analyses, we excluded individuals diagnosed with simultaneous primary cancers within 2 years of the first cancer diagnosis for minimizing detection bias. We also analyzed data adjusted for follow-up time. We also stratified associations according to age at first cancer diagnosis, stage of first primary cancer (2006) (2007) (2008) (2009) (2010) , smoking, location of residence, insurance level, and disability status. In addition, we assessed the BMI-SPC risk association in survivors of an obesity-related cancer. Here, obesity-related cancers were defined as previously reported, dose-response cancers with obesity (esophageal, colorectal, pancreas, and renal cancer). 24, 32 In addition, obesity-related female cancers also were defined as obesity-related cancers, breast cancer, and endometrial cancer.
We also compared the strength of the association between BMI and risk of cancer in female cancer survivors vs general population using Cox proportional analysis. For the evaluation of first primary cancer risk, 10 816 008 women in general population who were seen by the Korean NHIS during 2002-2010 were included and exposure variables were collected from the first health examination that occurred in the same periods. Follow-up duration was from the date of the first health examination to the date of diagnosis of a first primary cancer, death, or last day of 2011, whichever came first. We calculated P values for heterogeneity using the Q statistic. To evaluate the potential impact of death as a competing risk, we used the Poisson regression method of Fine and Gray. 33 We used SAS for statistical analysis (version 9.3; SAS Institute, Cary, NC). 
| RESULTS
| Clinical characteristics of the study population
| Age-Standardized IRs of first primary cancers and SPCs
Of 565 877 person-years of follow-up, 2222 patients developed SPCs. The most common site of SPC in female cancer survivors was the thyroid, which represented 32.76% of all SPCs, followed by cancers of the colorectum (11.16%), lung (10.40%), stomach (7.61%), and breast (5.67%) ( Table 2 ). The overall age-standardized IR of SPCs was 453.9 occurrences per 100 000 person-years, more than 2.02 times the risk of first primary cancers (224.8 per 100 000 person-years; 
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P < 0.001) ( Table 2 ). In obese women (BMI ≥ 25 kg/m 2 ), the age-standardized IR of SPCs was approximately 2.5 times greater than that of the first primary cancers (577.31 vs 232.72 per 100 000 person-years; P < 0.001). In addition, the age-standardized IR of obesity-related cancers was also higher for SPCs (67.37 per 100 000 person-years) than for first primary cancer (39.22 per 100 000 person-years; P < 0.001) in the obese population.
| Associations between prediagnosis BMI and SPCs
There were positive linear trends in the associations between prediagnosis BMI and overall risk of SPC, thyroid, colorectal, ovary, obesity-related, and obesity-related female cancers (P trend < 0.05; P trend = 0.001). When we computed P heterogeneity for each type of SPC across the BMI categories, there were no statistically significant differences for the multivariable-adjusted hazard ratios for SPCs across the BMI categories in female cancer survivors. The BMI-SPC risk association was statistically significant in female cancer survivors without smoking history (P trend = 0.001), with a localized stage in the first primary cancer (P trend = 0.014) and an obesity-related cancer as the first cancer (P trend = 0.036, Table 4 ). In addition, the BMI-SPC risk association was higher among cancer survivors living in metropolitan areas (aHR for BMI ≥ 30.0 kg/m 2 , 2.05; 95% CI, 1.22-3.46; P trend = 0.001).
In analyses of SPC risk that allowed for death as a competing risk, subdistribution HRs for SPC were statistically significant in overweight (aHR, 1.06; 95% CI, 1.03-1.29) and obese (aHR, 1.09; 95% CI, 1.06-1.12) female cancer survivors (P trend < 0.001). Five-year cumulative mortality among female cancer survivors was higher in the overweight (65.27%), obese (63.78%), and severely obese (62.90%) female cancer survivors than in the normal (66.50%) and underweight (54.87%) groups. Compared to groups with normal BMI, the severely obese survivors had a subdistribution HR for death of 1.13 (95% CI, 1.11-1.16; P trend < 0.001). 
| Comparison of the association between BMI and risk of first cancer in the general population
We compared the magnitude of the association between obesity and risk of SPC among female cancer survivors with the association between BMI and risk of first cancer in cancer-free general population (Table 5) . We included 565 877 person-years of follow-up in our analysis, and we documented 146 377 patients with primary cancers. Overall, the BMI-cancer associations between BMI and first cancer risk were similar to associations between BMI and SPC risk in female cancer survivors. In the severely obese category, the aHRs for SPCs in female cancer survivors (aHR, 1.32; 95% CI, 1.06-1.65) were similar to those with first cancers in cancer-free general population (aHR, 1.20; 95% CI, 1.17-1.24, P heterogeneity = 0.403). In the obese category, the magnitude of the BMI-SPC risk association was similar to the association with the first cancers (aHR, 1.17; 95% CI, 1.04-1.31 vs aHR, 1.12; 95% CI, 1.10-1.13, P heterogeneity = 0.461).
| DISCUSSION
Using the Korean female cancer survivor cohort, we demonstrated that obese female cancer survivors before first primary cancer diagnosis had a higher risk of subsequent SPC and increased risk of thyroid, colorectal, ovary, obesity-related, and obesity-related female cancers. In addition, the BMI-SPC risk association was statistically significant in female cancer survivors without smoking history, with a localized first primary cancer, and who lived in a metropolitan area. However, there was no difference in the magnitude of the association between obesity and SPC risk in female cancer survivors compared to that of primary cancer risk in cancer-free general population. Previous studies reported that obesity is a risk factor for primary cancers, such as breast, colorectal, liver, and kidney in the general population, [17] [18] [19] 34 which is consistent with our finding that obesity increased the risk of first primary cancer. In this study, we could find the significant dose-dependent relationships between prediagnosis BMI 
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| JUNG et al. 24 In a prospective cohort study of a large Korean population, the incidence of thyroid cancer was positively associated with higher BMI in women younger than 50 years of age (HR, 1.57 for BMI ≥ 25.0 Kg/m 2 ; 95% CI, 1.28-1.92). 40 The mechanisms by which obesity confers an increased risk of first primary cancer or SPCs are likely to be similar. The positive association between obesity and risk of SPC in female cancer survivors could be, in a large part, explained by increased circulating estrogen, other circulating hormones, or other growth factors, or by a low-grade chronic inflammatory state. 21, 41, 42 Furthermore, it could be explained by additional genetic susceptibility or the carcinogenic effects due to cancer treatment. Interestingly, our study showed that higher BMI was more in female cancer survivors than in general population and the association between obesity and SPC risk among female cancer survivors was similar to that of first primary cancer risk in cancer-free general population. These findings are different from previous results that the strength of the BMI-cancer association was slightly stronger in male cancer survivors than in the general population. 27 These suggest that association between obesity and risk of SPC could be different by gender. In addition, our study showed that the BMI-SPC risk association was statistically significant in female cancer survivors without smoking history and those with a localized first primary cancer. This suggests that obesity could affect SPC in female cancer survivors who have healthier lifestyle or expect longer life expectancy. In subgroup analyses, the HR for SPC according to prediagnosis BMI was significantly higher in female cancer survivors who did not have smoking history or who had localized primary cancer. Smoking history would be a confounding factor in this study. In addition, it could be explained by that the cancer survivors have a relatively healthier lifestyle or because early-stage cancers might confer a greater chance for long-term survival, these findings could inform planning for long-term cancer survivorship programs, such as including early SPC detection.
T A B L E 5 HRs of first cancer by BMI in female cohort participants
Strengths of this study are that we could use the largescaled, prospective cohort with approximate 150 000 female cancer survivors, including detailed information of prediagnosis behavioral risk factors. Our study design reduced recall bias, which could be a limitation in retrospective studies of cancer survivors. Specifically, height and weight, the main variables in our study, were measured by trained persons, not based on self-report. To our knowledge, this is the first large cohort study of female cancer survivors to show that prediagnosis BMI might affect the risk of the subsequent overall, obesity-related, and individual SPCs.
Because this is parallel study with the previous study for male cancer survivors, 27 we have same limitations with the previous report. First, we could not consider the effects of cancer treatment on SPCs because of lack of detailed information about cancer treatment. This study has the possibility of selection bias because we analyzed only the population with height and weight data from the NHIS. This cohort has some possibility for SPC misclassification. Therefore, we performed sensitivity analyses for adjusting this possibility, excluding patients with SPC that diagnosed within 2 years after the first cancer diagnosis, and showed that the overall trends remained similar. In addition, we excluded thyroid cancer as primary cancer because thyroid cancer in Korea has been epidemically increased because of screening and T A B L E 5 (Continued) considered as overdiagnosis. 43 In this study, we could not evaluate the effect on the changes in BMI for female survivors because of the lack of data. So, we need to consider this limitation and try to perform the further study on the changes in BMI and SPC in future. This study demonstrated that prediagnosis obesity increased risk of overall and individual SPCs in female cancer survivors. However, the magnitude of the association between obesity and SPC risk among female cancer survivors was similar to that of first primary cancer risk in the overall cohort. These findings suggest that lifestyle modification for weight reduction should be encouraged for prevention of primary cancer and SPCs, and individualized surveillance should be supported for obese female cancer survivors. In future, more studies should be performed to explain the different BMI-cancer associations by gender.
